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Background: Although acute tolerance to opioids, especially to remifentanil, has been demonstrated consistently 
in animal studies, the results of clinical trials in humans are controversial. The aim of this study was to determine 
whether intraoperative infusions of remifentanil used as an adjuvant in general anesthesia result in acute tolerance, 
an event manifested by increased postoperative pain and a higher opioid requirement than usual. 
Methods: Sixty patients who underwent surgery under general anesthesia for spinal fusion were randomly assigned 
to receive sevoflurane-nitrous oxide-oxygen (group SO, n = 20), sevoflurane-remifentanil-nitrous oxide-oxygen (group 
SR, n = 20), or propofol-remifentanil-oxygen (group PR, n = 20) in a double-blinded manner. All patients within 1 
hour after induction received PCA (fentanyl 0.4 ug/kg/ml and ondansetron 16 mg) administered intravenously at 
a basal infusion rate of 1 ml/h, after being intravenously injected with a loading dose of fentanyl (1 ug/kg). Data for 
fentanyl requirement, verbal Numerical Rating Scale (NRS) pain score at rest, and presence of nausea or vomiting 
were collected at 1, 24, and 48 hours after surgery. 

Results: We did not find any significant difference in postoperative PCA fentanyl requirements, NRS or side effects 
among the groups. 

Conclusions: Remifentanil as an adjuvant to sevoflurane or propofol in general anesthesia for adults having surgery 
for spinal fusion does not appear to cause acute opioid tolerance or hyperalgesia in patients. However, further 
studies are needed to elucidate whether sevoflurane and propofol exert a clinically significant effect on opioid- 
induced tolerance or hyperalgesia and whether this effect is related to the age of the patient, the dose and duration of 
remifentanil given and the intensity of pain experienced postoperatively. (Korean J Anesthesiol 2012; 63: 103-107) 
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Introduction 

Remifentanil, a short-acting opioid, is a predictably-acting 
anesthetic agent. It is associated with rapid recovery and its 
action is relatively independent of the dose, allowing infusion 
of large doses throughout surgery with little risk of post- 
operative delayed awakening or respiratory depression [1]. 
Continuous infusions of remifentanil have been used as the 
analgesic component of balanced general anesthesia, as an 
analgesic adjuvant in local and regional anesthesia [2,3], and 
as an analgesic in the immediate postoperative period before 
the transposition of patients to longer- acting analgesics [2,4]. 
However, an important concern about the intraoperative infu- 
sion of remifentanil is the possible development of acute opioid 
tolerance or hyperalgesia. Although acute tolerance to opioid 
has been demonstrated consistently in animal studies, the 
results of clinical trials in humans are controversial [5-8] . 

The aim of this study was to determine whether intraopera- 
tive infusion of remifentanil used as an adjuvant agent in 
general anesthesia results in acute tolerance as manifested by 
increased postoperative pain and a higher opioid requirement 
than usual. 

Materials and Methods 

Our study protocol received the approval of the human 
subjects ethical committee and all patients provided written 
informed consent. Sixty patients undergoing 1 —2 level posterior 
lumbar spinal fusion were enrolled. All of the patients were 
American Society of Anesthesiologists physical status classifi- 
cation 1 or 2. Patients with a body mass index (BMI) > 30 were 
excluded from the study. 

The day before surgery, patients were taught how to use the 
verbal Numerical Rating Scale (NRS) pain score at rest and the 
Patient-Controlled Analgesia (PCA) pump as well. They were 
also instructed to self-deliver analgesia by pressing the bolus 
button at any time they began to feel unendurable pain. The 
PCA pump (Accufuser PLUS ^ , Woo Young Med, Korea) is an 
ambulatory elastometric infusion pump (total volume, 100 ml; 
basal flow rate, 1.0 ml/h; bolus volume, 1.0 ml/time; lockout 
time, 15 min). A NRS of "0" was defined as no pain and a score 
of "10" was defined as the worst pain ever experienced by the 
patient. 

Enrolled patients were not premedicated and patients who 
underwent surgery under general anesthesia were randomly 
allocated to three groups in a double-blinded manner. After 
standard monitoring (ECG, pulse oximeter, non-invasive blood 
pressure measurement), anesthesia was induced. Tracheal 
intubation for patients in group SO (sevoflurane-nitrous oxide- 
oxygen) was performed under thiopental sodium 4 — 5 mg/ 



kg, rocuronium 0.6—0.7 mg/kg and sevoflurane inhalation, 
and anesthesia was maintained with sevoflurane and 50% 
nitrous oxide in oxygen (3 L/min). Tracheal intubation for 
patients in group SR (sevoflurane-remifentanil-nitrous oxide- 
oxygen) was performed under thiopental sodium 4—5 mg/ 
kg, rocuronium 0.6-0.7 mg/kg, remifentanil infusion and 
sevoflurane inhalation, and anesthesia was maintained with 
sevoflurane, remifentani infusion and 50% nitrous oxide in 
oxygen (3 L/min). Tracheal intubation for patients in group 
PR (propofol-remifentanil-oxygen) was performed under 
propopol and remifentanil infusion, rocuronium 0.6—0.7 mg/ 
kg, and anesthesia was maintained with propofol, remifentanil 
and 50% oxygen (3 L/min). All patients within 1 hour after 
induction intravenously received PCA (fentanyl 0.4 ug/kg/ 
ml and ondansetron 16 mg) infused at a basal flow rate of 
1 ml/h, given after a loading dose of fentanyl 1 ug/kg was 
intravenously injected. Ramosetron 0.3 mg was administered 
to all patients before wound closure to prevent postoperative 
nausea and vomiting (PONV). After surgery, patients were 
moved to the Post Anesthesia Care Unit (PACU) and were 
observed for at least 60 minutes. After the patients regained 
adequate cognitive function in the Post Anesthesia Care Unit 
(PACU), they were returned to their wards with the PCA pumps 
fully operational. No supplemental analgesia or sedation in 
the wards was administered to the patients during the first 48 
hours after surgery. Data about the fentanyl requirement, the 
verbal Numerical Rating Scale (NRS) pain score at rest, and 
the incidence of nausea or vomiting (during the first hour, 
from 1 to 24 hours, and from 24 to 48 hours after surgery) 
were collected at 1, 24, and 48 hours after surgery. All studied 
solutions were prepared by anesthesiologists who were not 
involved in the patient's care. All the members involved in this 
study, including the enrolled patients and the anesthesiologist 
who delivered the PCA and evaluated the analgesic effect, were 
blinded to the study solutions. Remifentanil requirements 
were computed by dividing the total dose administered by 
the duration of anesthesia (min) and the body weight. Also, 
fentanyl requirements were computed by dividing the total 
dose administered by duration (h) and body weight. 

Before the study, the sample size was determined by power 
analysis with a pilot study. The estimated sample size to detect 
a 30% difference of fentanyl requirement with mean (± SD) 
differences among the groups, a power of 90%, alpha = 0.05, and 
drop rate = 0.1 was 18 patients per group. Statistical analyses 
of data were performed using GraphPad Prism (Version 3.02, 
USA). Analysis of sex-related differences and the incidence of 
side effects was conducted with the chi-square test, and the 
physical status of the patient was analyzed with the Kruskal- 
Wallis test. Other factors of the patients' parametric data except 
for remifentanil and the infusion rates of fentanyl were com- 
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pared using one-way analysis of variance. Infusion rates of 
remifentanil were compared using the unpaired t-test. Results 
are expressed as the mean ± SD unless otherwise specified. 
A probability (P) value of less than 0.05 was considered to be 
statistically significant. 

Results 

None of the sixty patients enrolled in this study complained 
of or suffered from side effects that would have made them 
drop out of the study, and all of them completed it. There were 
no statistically significant differences in patient demographics, 
duration of surgery and anesthesia given, except for the 
intraoperative remifentanil infusion rate between group SR and PR 
(Table 1). We did not find any statistically significant differences 
in postoperative PCA fentanyl requirements (Table 2), NRS pain 
scores (Table 3) or side effects (Table 4) among the groups. In 
group SO, one patient complained of pruritus during the first 
24 postoperative hours and was treated with chlorpheniramine 
maleate. 



Table 1. Patient Demographics Data 

Group SO Group SR Group PR 





(n = 20) 


(n = 20) 


(n = 20) 


Sex (M/F) 


6/14 


7/13 


5/15 


Age (yr) 


58.8 ± 8.9 


64.118.8 


63.71 12.2 


Weight (kg) 


63.1±8.7 


60.2 1 9.9 


56.818.4 


Height (cm) 


158.417.0 


157.418.8 


154.618.1 


ASA status (I : II) 


2 : 18 


3 : 17 


0:20 


Body mass index 


24.9 1 2.5 


24.212.7 


23.712.3 


Duration of surgery (h) 


3.010.6 


2.910.6 


3.110.4 


Duration of anesthesia (h) 


3.810.7 


3.610.6 


3.910.5 


Infusion rate of remifentanil 




0.0310.0 


0.1610.0* 



(Hg/kg/min) 

Values are mean 1 SD or number of patients. No statistically signi- 
ficant differences were noted among the groups except infusion 
rate of remifentanil. Group SO: sevoflurane-nitrous oxide-oxygen. 
Group SR: sevoflurane-remifentanil-nitrous oxide-oxygen. Group PR: 
propofol-remifentanil-oxygen. *P < 0.05 versus the group SR. 



Table 2. Mean Infusion Rates of Fentanyl 





Group SO 


Group SR 


Group PR 




(n = 20) 


(n = 20) 


(n = 20) 


First 1 h after surgery 


1.310.5 


1.410.5 


1.310.5 


1 h till 24 h after surgery 


0.61 0.2 


0.610.1 


0.610.1 


24 h till 48 h after surgery 


0.61 0.2 


0.510.1 


0.610.2 



Values are mean 1 SD. Units of infusion rate: pg/kg/h. No statistically 
significant differences were noted among the groups. Group SO: 
sevoflurane-nitrous oxide-oxygen. Group SR: sevoflurane-remi- 
fentanil-nitrous oxide-oxygen. Group PR: propofol-remifentanil- 
oxygen. 



Discussion 

Remifentanil, a short-acting opioid, is a predictably-acting 
and rapid-recovery agent whose effect is relatively independent 
of the dose, allowing infusions of large doses throughout surgery 
with little risk of postoperative delayed awakening or respiratory 
depression [1]. The main problem of remifentanil-based 
anesthesia is the rapid disappearance of its analgesic effect after 
the cessation of infusion and the possible development of acute 
opioid tolerance. Because of this, a preventive analgesic app- 
roach involving intraoperative intravenous administration of 
longer-acting opioids is frequently used. 

At present, the development of acute opioid tolerance in 
patients receiving remifentanil is under debate, and to this date 
remains controversial. Several studies deny the development 
of acute tolerance to remifentanil. Patients who self-controlled 
their analgesia using target- controlled infusions of alfentanil 
and remifentanil for postoperative analgesia after propofol and 
remifentanil anesthesia showed no evidence of tolerance to 
opioids [5]. Studies in patients who underwent elective gyneco- 
logical non-laparoscopic surgery (average duration, 116 minutes) 
did not support the theory of the development of acute opioid 
tolerance after remifentanil-based anesthesia (mean remifentanil 
infusion rate = 0.23 + 0.10 ug/kg/min) when compared with 
sevoflurane-based anesthesia [6]. In a study in which a small- 
dose of remifentanil (0.08 ug/kg/min) was continuously 



Table 3. Numerical Rating Scale Pain Score at Rest 





Group SO 


Group SR 


Group PR 




(n = 20) 


(n = 20) 


(n = 20) 


1 h after surgery 


7.01 1.8 


5.712.0 


6.31 1.9 


24 h after surgery 


4.612.1 


3.91 1.4 


5.012.0 


48 h after surgery 


3.212.0 


2.81 1.2 


3.81 1.8 



Values are mean 1 SD. A NRS pain score of 0 was defined as no pain 
anda score of 10 defined as the worst pain ever experienced. No 
statistically significant differences were noted among the groups. 
Group SO: sevoflurane-nitrous oxide-oxygen. Group SR: sevo- 
flurane-remifentanil-nitrous oxide-oxygen. Group PR: propofol- 
remifentanil-oxygen. 



Table 4. Incidence of Nausea and Vomiting 





Group SO 


Group SR 


Group PR 




(n = 20) 


(n = 20) 


(n = 20) 


First 1 h after surgery 


1 


1 


2 


1 h till 24 h after surgery 


1 


3 


2 


24 h till 48 h after surgery 


1 


1 


4 



No statistically significant differences were noted among the 
groups. Group SO: sevoflurane-nitrous oxide-oxygen. Group SR: 
sevoflurane-remifentanil-nitrous oxide-oxygen. Group PR: propofol- 
remifentanil-oxygen. 



www.ekja.org 



05 Kja 



Remifentanil used as adjuvant 



Vol. 63, No. 2, August 201 2 



infused for 3 hours into volunteers, no development of acute 
opioid tolerance was observed [7]. In a recent case report, the 
development of acute opioid tolerance due to remifentanil was 
not encountered when it was co-administered with propofol or 
sevoflurane [8], just as in our study. 

On the other hand, the phenomenon of rapid development 
of acute opioid tolerance is well-established in animals and 
humans and is more likely to occur with large doses of short- 
acting drugs. When remifentanil (infused at a constant rate of 
0.3 ug/kg/min) was administered as a sole agent, acute opioid 
tolerance to both its analgesic and cardiorespiratory effects in 
a rabbit model developed within the first few hours [9]. Other 
studies have shown that acute opioid tolerance to analgesia 
during remifentanil infusion is profound and develops rapidly. 
Remifentanil, infused at a constant rate of 0.1 ug/kg/min 
for 4 hours as a sole agent, resulted in a 3-fold increase in pain 
intolerance in human volunteers [10] . There is also a study in which 
healthy volunteers who were infused solely with remifentanil 
for 90 minutes developed hyperalgesia within 30 minutes after 
stopping the infusion. In this study, the co-administration of 
NMDA-receptor antagonist S-ketamine is thought to prevent such 
hyperalgesia from occurring [11]. Intraoperative administration 
of remifentanil in relatively large doses (0.25 ug/kg/min) when 
compared with small doses (0.1 ug/kg/min) with desflurane 
inhalation resulted in acute opioid tolerance [12]. Large-dose 
remifentanil infusion (0.5—0.8 ug/kg/min) for 218 minutes, 
when administered as a single agent, induced acute opioid 
tolerance following awake craniotomy in an adolescent 
[13]. Prolonged infusion (about 7 — 8 hours) of large-dose 
remifentanil (0.28 ug/kg/min) for pediatric scoliosis surgery 
is associated with the development of clinically relevant acute 
opioid tolerance or hyperalgesia [14]. In our study, a small dose 
of remifentanil (0.03 ug/kg/min in group SR and 0.16 ug/kg/ 
min in group PR) was given for a short period of time (averaging 
216 minutes in group SR and 225 minutes in group PR) and was 
co-administered with sevoflurane or propofol. 

The exact mechanism underlying the development of acute 
opioid tolerance and hyperalgesia is unknown, but the NMDA 
receptors are thought to play a major role in the development 
of acute opioid tolerance because remifentanil is known to 
stimulate the NMDA receptors [15-17], and remifentanil- 
induced hyperalgesia can be prevented by administering a low 
dose of ketamine, a typical NMDA antagonist [18]. In addition, 
prophylactic use of ketamine was reported to be effective in 
preventing post-anesthetic shivering induced by remifentanil 
[19]. 

Propofol, by noncompetitively acting at the NMDA receptors 
[20], may be able to attenuate the development of acute opioid 
tolerance or hyperalgesia following the administration of intra- 
operative opioid and thereby reduce postoperative analgesic 



requirement. In a recent case report, the development of acute 
tolerance to remifentanil was not encountered when the intra- 
operative opioid was co-administered with propofol or sevo- 
flurane [8]. Also, postoperative morphine consumption for 
pediatric surgery was more than double of that for adult surgery 
[14]. Therefore, the possibility of age-related differences must 
be considered. In an animal model of rats, surgical pain could 
attenuate acute morphine tolerance [21]. A greater intensity of 
postoperative pain could have attenuated the development of 
opioid tolerance [14]. 

If a continuous infusion of remifentanil is likely to lead to the 
rapid development of acute tolerance, taking the above findings 
into consideration, factors which affect the development of 
acute tolerance appear to include the co- administration of 
sevorane or propofol, the dose and duration of the remifentanil 
infusion, the patient's age, and the intensity of the postoperative 
pain. 

The dose of remifentanil infusion in our study was smaller 
than that in other studies investigating remifentanil-based 
anesthesia, because all patients in our study intra-operatively 
received intravenous PCA consisting of fentanyl 0.4 ug/ 
kg/ml with a basal flow rate of 1 ml/h after being given an 
intravenous injection of a loading dose of fentanyl (1 ug/kg) 
within 1 hour after induction. The limitations of our study were 
that the duration of remifentanil infusion was relatively short 
(averaging 216 minutes in group SR and 225 minutes in group 
PR), the dose of remifentanil was relatively small (0.03 ug/kg/ 
min in group SR and 0.16 ug/kg/min in group PR), all patients 
were adults, and sevoflurane or propofol was co-administered 
with remifentanil, coincidently. Although the patients in our 
study showed no evidence of having developed acute opioid 
tolerance to remifentanil, we can not exclude the short duration 
of remifentanil infusion, the small-dose of remifentanil given 
to patients, or the co-administration of sevorane or propofol as 
confounding factors. 

The incidence of PONV and pruritis was low in the present 
study when compared to other studies, and did not differ 
significantly among the groups. Given this relatively infrequent 
incidence, the study population in this study might have been 
too small to reveal differences in the incidence of PONV. 

In conclusion, remifentanil used as an adjuvant in general 
anesthesia with sevoflurane or propofol in adults undergoing 
spinal fusion does not induce acute opioid tolerance or 
hyperalgesia in patients. However, further studies are needed 
to elucidate whether sevoflurane and propofol exert a clinically 
significant effect on opioid-induced tolerance and hyperalgesia, 
and to determine the effects that the age of the patient, the 
dose and duration of remifentanil given, and the intensity of 
post-operative pain have on opioid-induced tolerance and 
hyperalgesia following remifentanil administration. 
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